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APPARATUS AND METHOD FOR MIXING 
FLUIDS FOR ANALYSIS 

Field of the Invention 

The present invention relates to apparatus and methods 
for fluid analysis, and more particularly, to controlling fluid 
flow and mixing fluids in such apparatus and methods. 

Background of. the Invention 

Automated apparatus and methods "for fluid analysis, such 
as hematologic analysis, typically pump a sample containing the 
particles suspended in a dispersion through a particle analyzer 
which detects differences in electrical, optical, chemical or other 
characteristics of the particles, and generates signals having 
characteristics relating to the differences. The signals are in 
turn transmitted to a processor for determining the parameters of 
the particle distributions. 

Automated hematologic analysis typically involves mixing 
within a cuvette or other mixing vessel a whole blood sample with 
several reagent -mixture components, such as diluent, to create a 
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reagent mixture which facilitates cell discrimination and 
identification. The reagent mixture is then pumped from the 
cuvette through a particle analyzer which detects the size (volume) 
and/or opacity of the blood cells by electrical or optical 
differences. The blood cells are detected or counted for a period 
of time sufficient to gather data for analysis, and data points are 
then stored and analyzed in a processor. The data may then be 
displayed in the form of a two-dimensional or three-dimensional 
histogram. 

As a result of the reagent -mixing process in the cuvette 
or other mixing vessel and other inefficiencies in fluid 
transportation, prior art apparatus for hematologic and other fluid 
analyses generally use a substantially greater volume of blood or 
other sample fluid than the particle analyzers require for complete 
analysis. Accordingly, a substantial portion of the samples are 
typically discarded as waste. These inefficiencies lead to 
additional costs and inconvenience. 

In addition, the mixing cuvette or other mixing vessel 
and related fluid-handling components, such as fluid conduits, 
valves, etc., require gravity and/or a controlled ambient pressure 
to mix the various reagent -mixture components, thus preventing the 
use of such apparatus in gravity- free applications and on moving 
vehicles, such as submarines, airplanes, ships, and land-based 
vehicles . 

Moreover, once a reagent -mixture is made in a mixing 
cuvette or other mixing vessel, the mixture typically cannot be 
changed. Thus, for example, if a blood-cell abnormality is 
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detected and it is necessary to change the dilution or mixture 
ratio of the reagent mixture to further assess the abnormality, the 
original reagent mixture must be discarded and another sample batch 
prepared, thus leading to sample waste, inconvenience and delays in 
obtaining analysis results. 

In hematologic analysis, when the reagent -mixture 
components are combined in a mixing cuvette or other mixing vessel 
with lytic reagents, they are generally not immediately uniformly 
distributed to the blood cells. For example, there is typically a 
higher concentration of lytic reagents in the portion of the 
cuvette or vessel where the reagents are introduced. As a result, 
the lytic reagents have a varying effect on the blood cells 
throughout the sample batch and, accordingly, certain cells receive 
a higher gradient of lytic shock than do others. This uneven 
gradient of lytic shock typically results in insufficient 
separation in the blood cells under-exposed to lytic reagents, and 
damage and possible destruction of cells over-exposed to lytic 
reagents . 

It is an object of the present invention to overcome the 
drawbacks and disadvantages of prior art apparatus and methods for 
fluid and/or particle analysis. 

guroinary of the Inversion, 
The present invention is directed to an apparatus and 
method for fluid analysis, such as hematologic analysis, of reagent 
mixtures having a plurality of reagent-mixture components. A 
plurality of pumps are independently operable for pumping the 
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reagent -mixture components, and a flow- injection unit is coupled 
through a valve matrix to the pumps for receiving the reagent - 
mixture components. The flow-injection unit injects at least one 
reagent -mixture component into a stream of at least one other 
reagent -mixture component to mix the components and create a 
selected reagent mixture. A control unit controls operation of the 
pumps to adjust the flow rates of the reagent -mixture components, 
and in turn adjust the reagent -mixture ratio upon injection and 
mixture of the components in the flow-injection unit. The reagent 
mixture is in turn pumped from the flow- inject ion unit and injected 
into a sensing unit for analyzing a particle distribution of the 
reagent mixture . 

One advantage of the present invention, is that the 
reagent -mixture components are injected and mixed in the flow- 
injection unit en route, to the sensing unit for particle analysis. 
Accordingly, the mixing cuvettes or like mixing vessels employed in 
prior art apparatus are obviated, and the inefficiencies associated 
with such apparatus that mix an entire sample batch prior to 
beginning analysis are avoided. Yet another advantage of the 
present invention is that the mixture ratio of the reagent mixture 
may be adjusted at any time, either before or during particle 
analysis, by adjusting the flow-rate ratio of the reagent -mixture 
components . 

Other advantages of the present invention will become 
apparent in view of the following detailed description and 
accompanying drawings . 
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Brief Description of the Drawings 

FIG. 1 is a block diagram of an apparatus and flow- 
injection system embodying the present invention. 

FIG. 2 is a somewhat schematic, cross-sectional view of a 
first embodiment of a flow- inject ion unit of the apparatus of FIG. 
1. 

FIG. 3 is a somewhat schematic, cross-sectional view of 
the mixing chamber of the flow-injection unit of FIG. 2. 

FIG. 4 is a cross-sectional view of the mixing chamber 
taken along line 4-4 of FIG. 3. 

FIG. 5 is a somewhat schematic, cross-sectional view of 
another embodiment of a flow-injection unit for the apparatus of 
FIG. 1 having perforated injection tubes for diffusing the reagent - 
mixture components into the reagent -mixture stream. 

FIG. 6 is a somewhat schematic, cross-sectional view of 
another embodiment of a flow- inject ion unit for the apparatus of 
FIG. 1. 

FIG. 7 is a somewhat schematic, cross-sectional view of 
another embodiment of a flow-injection unit for the apparatus of 
FIG. 1 having a plurality of diffusion chambers for mixing the 
reagent -mixture components into the reagent -mixture stream. 

FIG. 8 is a somewhat schematic, cross -sectional view of 
an alternative embodiment of the flow-injection unit of FIG. 7. 

FIG. 9 is a somewhat schematic, cross-sectional view of 
another embodiment of a flow- inject ion unit for the apparatus of 
FIG. 1 having perforated barriers for enhancing the dispersion and 
mixture of the components in the reagent -mixture stream. 
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FIG. 10 is a somewhat schematic, cross-sectional view of 
another embodiment of a flow- inject ion unit for the apparatus of 
FIG. 1 wherein the fluid flow through the inlet ports is in 
generally the opposite direction of fluid flow through the mixing 
chamber of the unit to create turbulence and facilitate reagent - 
component mixing. 

FIG. 11 is a somewhat schematic, cross-sectional view of 
another embodiment of a flow- injection unit for the apparatus of 
FIG. 1 having an axially-elongated mixing chamber with a diffusion 
chamber and mixing ball to facilitate reagent -component mixing. 

FIG. 12 is a cross-sectional view taken along line 12-12 
of FIG. 11 illustrating the means for retaining the mixing ball 
within the diffusion chamber and permitting fluid flow through the 
chamber . 

Detailed Description 

In FIG. 1, an apparatus and flow- inject ion system 
embodying the present invention is indicated generally by the 
reference numeral 10. The apparatus 10 is adapted for automated 
hematologic analysis; however, as will be recognized by those 
skilled in the pertinent art, the present invention may equally be 
employed and/or adapted for numerous other types of fluid and/or 
particle analysis. For example, the apparatus of the present 
invention may also be employed for chemical analysis, including 
blood chemical analysis, such as glucose, BUN, etc. 

The apparatus 10 comprises a plurality of pump units 12, 
indicated schematically in FIG. 1 as PI, P2 . . . Pn, which are 
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coupled in fluid communication through a plurality of pump lines 14 
to a valve matrix 16. The valve matrix 16 is of a type known to 
those of ordinary skill in the pertinent art and connects the 
various fluid-handling components of the apparatus in fluid 
communication with each other to control the direction and flow of 
reagent -mixture components and other fluids, if necessary. The 
valve matrix 16 is in turn connected through a plurality of lines 
18 to a bank of reagent -mixture component chambers 20, indicated 
schematically in FIG. 1 as CI, C2 . . . Cn. Each chamber 20 is 
adapted to receive a respective reagent -mixture component, such as 
a whole blood sample, diluent, lysing reagent, or diluted blood 
sample. If necessary, one or more chambers 20 may contain other 
fluids to be used, for example, to rinse or wash conduits and other 
fluid-handling components of the apparatus. 

The valve matrix 16 is also connected through a plurality 
of injection/aspiration lines 22 to a flow-injection unit 24 for 
introducing at least one reagent -mixture component into a stream of 
at least one othen reagent -mixture component in order to 
immediately thoroughly and uniformly mix the components and create 
a reagent mixture, las is described in detail below. The flow- 
injection unit 24 ip coupled through a reagent -mixture injection 
line 26 to a sensing unit 28 for detecting differences in 
electrical, optical,! chemical or other characteristics of particles 
in the reagent mixtuire, and generating signals having 
characteristics relating to the differences. 

One or more secondary injection/aspiration lines 30 are 
coupled between the valve matrix 16 and sensing unit 28 for pumping 
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other fluids to the sensing unit, including, for example, diluent 
sheaths surrounding the reagent -mixture stream. One or more return 
lines 32 are also coupled between the sensing unit 28 and valve 
matrix 16 for receiving fluids from the sensing unit, including, 
for example, the reagent mixture and diluent sheath surrounding the 
reagent mixture, as is also described further below. 

As also shown in FIG. 1, a processing and control unit 34 
is coupled to aach of the pump units 12, the valve matrix 16 and 
sensing unit 28\to control operation of each component, analyze the 
data, and proviqe analysis results. The sensing unit 28 is 
preferably of th4 type disclosed in U.S. Patent No. 5,380,491, 
entitled "Apparatus For Pumping And Directing Fluids For Hematology 
Testing", and U. S A application serial no. 08/370,023, filed January 
9, 1995, which is k divisional of U.S. Patent No. 5,380,491, both 
of which are assigned to the Assignee of the present invention, and 
are hereby expressl^ incorporated by reference as part of the 
present disclosure . 

A reagent mixture is injected through the line 26 into a 
counting orifice (not shown) of the sensing unit 28, and a first 
diluent sheath is simultaneously injected through one of the 
secondary lines 30 on the inlet side of the counting orifice 
surrounding the reagent -mixture stream. Another secondary line 3 0 
is coupled on one end to the outlet side of the counting orifice, 
and is coupled on the other end through the valve matrix 16 to a 
respective chamber 20 containing diluent for aspirating a second 
stream of diluent surrounding the reagent -mixture stream on the 
outlet side of the counting orifice. As disclosed in the above- 
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mentioned patent, the sensing unit 28 preferably includes means for 
preventing intermixing of the sample stream and sheath fluids, 
including inlet ports for the secondary lines 3 0 carrying the 
diluent which are each oriented substantially tangential to a 
contiguous surface defining either the inlet or outlet chamber, 
respectively, of the sensing unit. 

In hematologic analysis, the sensing unit 28 includes a 
transducer for counting the white blood cells and measuring their 
volume (size) and/or iopacity by electrical or optical differences. 
The blood cells are counted for a period of time to gather 
sufficient data for amalysis, and the data is stored and analyzed 
in the processing and Icontrol unit 34 to determine the parameters 
of the constituent subpopulations of the reagent -mixture sample. 
The processing and control unit 34 is preferably constructed and 
operates in accordance twith the apparatus and method disclosed in 



U.S. Patent Nos . 5,187, 



573 and 5,349,538, both of which are 



assigned to Edward L. Carver, Jr., and are hereby expressly 
incorporated by reference as part of the present disclosure. 

As will be recognized by those skilled in the art, the 
sensing unit may be changed as necessary to perform the desired 
analysis. For example, for chemical analysis, such as blood- 
chemical analysis, the sensing unit may employ an optical 
transducer or like means for sensing photometric changes in the 
reagent mixture. The optical transducer measures the optical 
characteristics of the reagent mixture (e.g., absorbance, 
reflection and scattering) to determine the chemical constituents 
of the reagent mixture and their relative quantities. 
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As also shown in FIG. 1, the apparatus 10 may further 
comprise a probe 36 coupled to the valve matrix 16 for aspirating 
the various fluids through the valve matrix and introducing the 
fluids into the various reagent -mixture component chambers 20. A 
waste chamber 38 is also coupled to the valve matrix 16 for 
receiving the fluids after passage through the sensing unit 28, and 
any other fluids in the apparatus to be discarded as waste. As 
will be recognized by those skilled in the art, if desired, the 
fluids aspirated through the probe 36 may be aspirated directly 
into the flow- injection unit and introduced into the reagent - 
mixture stream so as to bypass the reagent -mixture component 
chambers 20. Such fluids may also be aspirated into a pump or pump 
line, and in turn injected by the respective pump into the flow- 
injection unit so as to likewise bypass the reagent -mixture 
component chambers 20. 

Each of the pump units 12 is preferably a positive- 
displacement pump, such as a syringe pump, as shown, for example, 
in U.S. Patent No. 5,380,491. As shown in FIG. 1, each pump unit 
12 is preferably independently driven by a respective pump motor 
40, illustrated schematically as Ml, M2 . . . Mn, and each pump 
motor is coupled to the processing and control unit 34. 
Accordingly, each pump unit 12 can be independently actuated and 
controlled by the processing and control unit 34, to in turn 
independently control the flow rates of the fluids being injected 
or aspirated by the pumps. Each pump motor 40 may be a step motor, 
or other DC or AC motor with proper feedback and electronic control 
in order to precisely control actuation of the motor and respective 
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pump, and in turn precisely control the volumes and flow rates of 
the fluids being pumped. 

As will be recognized by those skilled in the pertinent 
art, it may be desirable to employ a transmission system with 
suitable speed-changing gears coupled between two or more pump 
units and a common pump motor, in order to reduce the number of 
motors, while permitting independent control of pump flow rates. 
Where independent control of certain pumps is unnecessary, and to 
save costs, it may likewise be desirable to employ a common pump 
motor for two or more pumps, as shown, for example, in U.S. Patent 
No. 5,380,491. 

In oider to minimize fluid waste and in turn further 
minimize the volume of reagent -mixture components necessary for 
analysis, the valves employed in the valve matrix 16 preferably 
exhibit zero dead\ volume. A preferred type of zero dead volume 
valve is disclosed^ in co-pending patent application serial no. 
08/385,145, filed February 7, 1995, entitled "Valve Assembly", 
which is assigned t© the Assignee of the present invention, and is 
hereby expressly incorporated by reference as part of the present 
disclosure . 

Turning to FIGS. 2-4, a first embodiment of the flow 
injection unit 24 comprises a mixing block 42 defining a plurality 
of inlet ports 44, 45, 46, 47 and 48 coupled in fluid communication 
with an internal mixing chamber 50. As shown in FIG. 2, each inlet 
port 44-48 is also coupled to a respective flow-injection line 22 
for receiving a respective reagent -mixture component and 
introducing the same into the mixing chamber 50 to immediately 
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uniformly and thoroughly mix a plurality of components and create a 
selected reagent mixture. The mixing block 42 also defines an 
outlet port 52 coupled on one end in fluid communication with the 
mixing chamber 50 downstream of the inlet ports for receiving the 
reagent mixture, and coupled on the other end to the reagent - 
mixture injection line 26 for injecting the same through the 
sensing chamber, as is described further below. As will be 
recognized by those skilled in the pertinent art, although FIG. 2 
shows five inlet ports, other inlet ports may be added to 
accommodate additional reagent -mixture components. 

As shown in FIGS. 3 and 4, the internal configuration of 
the mixing chamber 50 is designed to immediately thoroughly and 
uniformly mix the various reagent -mixture components to create 
selected reagent mixtures. Accordingly, the mixing block 42 
further includes a plurality of protuberances or nubs 54 projecting 
inwardly from the cylindrical wall of the chamber. As shown in 
FIG. 3, the nubs 54 are spaced relative to each other in the 
elongated direction of the chamber (i.e., each nub is located 
either upstream or downstream from the next nub) . As shown in FIG. 
4, the nubs 54 project inwardly toward the center of the chamber, 
and are also spaced radially relative to each other. In the 
exemplary embodiment, each nub 54 is angularly spaced and staggered 
from the next in the elongated direction of the chamber. 

Accordingly, as the reagent -mixture components are 
introduced into the mixing chamber 50, as indicated by the arrows 
in FIG. 2, the nubs 54 agitate the fluid flow and create turbulence 
within the chamber, which in turn disperses the reagent -mixture 
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components and causes them to immediately thoroughly and uniformly 
mix together and create the desired reagent mixture. Then, as the 
reagent mixture is injected through the outlet port 52 and into the 
smooth-walled, reagent -mixture injection line 26, the fluid flow 
returns to a substantially laminar state for injection through the 
counting orifice in the sensing unit 28. The substantially laminar 
flow of the reagent mixture through the flow- injection lines and 
sensing unit is facilitated by the steady-state flow generated by 
the positive displacement pumps, and the configuration of the 
sensing unit, as further described in U.S. Patent No. 5,380,491 
incorporated above . 

In the operation of the apparatus of the present 
invention for hematologic analysis, a whole blood sample is 
introduced into the probe "36 of FIG. 1 by connecting a pump unit 12 
through the valve matrix 16 to the probe, and controlling the 
respective pump motor 40 to aspirate a predetermined volume of 
whole blood sample through the probe. The blood sample may then 
either be injected by the respective pump into an available 
reagent -mixture component chamber 2 0 to hold the sample, or may be 
retained within the respective pump line 14 to await further 
processing. Each of the other reagent -mixture component chambers 
20 may contain another respective reagent -mixture component, such 
as a lysing reagent (e.g., lysing reagents A, B, etc.) and diluent. 
Each of the chambers can also be coupled through the valve matrix 
16 to the probe 36 to aspirate the reagent -mixture components into 
the component chambers. Preferably, the component chambers 20 also 
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each include an access opening to pour or otherwise introduce the 

o 

reagent -mixture components into the component chambers. 

Exemplary Reagent -mixture components and the preferred 



methods for employinc 



these components are disclosed in U.S. Patent 



No. 5,262,329, entitled "METHOD FOR IMPROVED MULTIPLE SPECIES BLOOD 
ANALYSIS", dated November 16, 1993, U.S. Patent No. 5,316,725, 
entitled "REAGENT SYSTSEM FOR THE IMPROVED DETERMINATION OF WHITE 
BLOOD CELL SUB POPULATIONS » , dated May 31, 1994, and U.S. Patent No. 
5,316,951, entitled "METHOD FOR THE IMPROVED DETERMINATION OF WHITE 
BLOOD CELL SUB POPULATIONS » , dated May 31, 1994, which are each 
assigned to Edward L. Carver, Jr., and are hereby expressly 
incorporated by reference as part of the present disclosure. 

The processing and control unit 34 has a database of 
information pertaining to the predetermined reagent -mixture ratios 
for selected species (e.g., human, dog, cat, rat, mouse, horse, 
cow, rabbit, monkey, pig, goat, bird or bird-type, etc.), and if 
desired, for selected conditions associated with each species. 
Accordingly, an operator may input through a keyboard or other 
input device for the control unit 34 the particular animal species, 
or if necessary, a specific reagent -mixture ratio that may not 
otherwise be in the database. The processing and control unit 34 
is responsive to this input to control a plurality of the pump 
motors 40 to drive the respective pump units 12 to aspirate from 
the reagent -mixture chambers 2 0 into each pump a predetermined 
volume of a respective reagent -mixture component corresponding to 
the selected reagent -mixture ratio. The control unit 34 also 
aspirates a predetermined volume of diluent from a diluent chamber 
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20 into a respective pump unit 12 for injecting the diluent sheath 
surrounding the reagent -mixture stream. 

In the event that the motors 4 0 are step motors, the 
control unit 34 can precisely measure the volume of each reagent - 
mixture component aspirated by counting the steps of the respective 
pump motor. If the motor is another type of AC or DC motor, a 
suitable encoder or like means may be employed to precisely track 
the rotational or drive position of the pump motor, and thus the 
volume and flow rate of the fluid being injected or aspirated by 
the respective pump. 

The processing and control unit 34 operates the pump 

motors 40 to simultaneously inject or, if desired, aspirate each of 

a 

the selected reagent -mixture components into the flow- inject ion 
unit 24 to thoroughly and uniformly mix the components and create 
the selected reagent mixture. In accordance with the invention, 
the flow rate of each reagent -mixture component is set by the 
control unit 34 so that the flow-rate ratio is the same as the 
desired reagent -mixture ratio. For example, if the desired 
reagent -mixture ratio is 1000 /xl diluent: 60 jxl lysing reagent A: 20 
111 blood, then the flow rates for these selected reagent -mixture 
components are set at a ratio of 1000:60:20, respectively. In the 
embodiment of the present invention illustrated, the flow-rate 
ratios are set by adjusting the speed of each pump motor to achieve 
the respective flow rates and thereby achieve the selected mixture 
ratio . 

If desired, however, different size positive-displacement 
pumps, such as syringe pumps, may be employed, wherein the relative 
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sizes are selected to achieve the desired flow-rate and reagent- 
mixture ratios. For example, to achieve a 1000:60:20 ratio, 1000 
fil, 60 /il and 20 /xl pumps may be employed, and the three pumps may 
be driven at the same speed by a common motor, or may be 
independently driven at the same speed by three motors. 
Alternatively, any combination of different size positive- 
displacement pumps and independent and/or common drive motors may 
be used in like manner to achieve the desired flow-rates and 
reagent -mixture ratios. 

The selected reagent -mixture components are then 
simultaneously introduced into the flow- injection unit 24 at the 
selected flow-rate ratio. As shown in FIG. 2, the inlet ports 45- 
48 are each oriented substantially perpendicular to both the axis 
or elongated direction of the mixing chamber 50 and first inlet 
port 44. As a result, the reagent -mixture components are 
simultaneously introduced into the mixing chamber in different 
directions. This, in combination with the effect of the nubs 54 
creates turbulence and enhances the immediate thorough and uniform 
dispersion of each reagent -mixture component into and within the 
reagent -mixture stream . 

Accordingly, the reagent -mixture components are 
simultaneously introduced and mixed in the flow- injection unit 24, 
and the resultant reagent mixture is in turn injected through the 
reagent -mixture injection line 26 and into the sensing unit 28. 
The substantially steady-state flow of the positive-displacement 
pumps introducing the reagent mixture through the flow- injection 
unit 24 and into the sensing unit 28, in combination with the 
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smooth-walled configuration of the flow-injection line 26 and 
sensing unit, facilitates the return of the reagent -mixture stream 
to a substantially laminar flow as it enters the sensing unit. The 
control unit also simultaneously injects a first diluent sheath 
surrounding the reagent -mixture stream on the inlet side of the 
counting orifice, and injects or aspirates a second diluent sheath 
on the outlet side of the counting orifice through the secondary 
lines 30 to facilitate maintaining a uniform, concentric and 
steady-state flow of reagent mixture through the counting orifice. 
Upon passage through the sensing unit, the reagent mixture is 
aspirated into the return line 3 2 by an additional pump unit 12 and 
is ultimately discharged into the waste chamber 38. 

As will be recognized by those skilled in the pertinent 
art, the reagent -mixture components may be introduced into the 
flow- inject ion unit and combined with each other in the reagent - 
mixture stream by injecting or aspirating (i.e., pushing or 
pulling) the fluids as desired through the flow-injection unit. 
For example, certain reagent -mixture components may be injected, 
whereas one or more other components may be aspirated through the 
flow-injection unit, or if desired, all fluids may be introduced by 
aspiration into the flow- injection unit, depending upon the desired 
configuration of the pump units and their connections to the flow- 
injection unit. 

One advantage of the apparatus of the present invention, 
is that the reagent -mixture components are simultaneously 
introduced and mixed to create the reagent mixture "on the fly" as 
the components are pumped en route to the sensing unit. 
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Accordingly, the mixing cuvettes or like mixing vessels used in 
prior art apparatus are obviated, and the inefficiencies in fluid 
transportation associated with such cuvettes avoided. As a result, 
a substantially lesser volume of sample fluid (e.g., blood sample), 
along with lesser volumes of other reagent -mixture components 
(e.g., lysing reagents) may be used in comparison to prior art 
apparatus. This is particularly the case if the valve matrix 
employs zero dead volume valves for controlling fluid flow, as 
described above. 

Yet another advantage of the present invention, is that 
the mixture ratio of the reagent mixture may be adjusted at any 
time, either before or during analysis, by adjusting the flow-rate 
ratio of the reagent -mixture components, as described above. Thus, 
for example, if a blood-cell abnormality is detected during 
analysis, the control unit may be employed to adjust the flow rate 
of one or more reagent -mixture components, such as the diluent, to 
adjust the blood-dilution ratio, in order to further assess the 
abnormality. This is a significant advantage over prior art 
apparatus that prepare reagent -mixture batches in mixing cuvettes 
or other mixing vessels. In contrast to the present invention, the 
sample batches created in prior art apparatus cannot be adjusted 
once made, and often require that additional blood samples be taken 
or used to further assess abnormalities. 

Yet another advantage of the present invention is that 
the reagent -mixture components are continually and simultaneously 
introduced into the mixing chamber of the flow- inject ion unit, 
which, in combination with the configuration of the mixing block, 
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thoroughly and uniformly mix the components together in a reagent - 
mixture stream. As a result, a substantially even gradient of 
lytic shock is achieved, which in turn leads to effective 
separation of blood cells, and avoids the damage and/or destruction 
of cells and the insufficient separation of cells associated with 
an uneven gradient of lytic shock as can occur in prior art 
apparatus . 

In addition, because the reagent -mixture components are 
combined "on the fly" in the flow- injection unit, as opposed to 
being first prepared in a mixing cuvette, the system may be sealed 
with respect to its environment, thus permitting operation in 
gravity-free applications. The apparatus of the invention may 
likewise be employed on moving vehicles, such as ships, submarines, 
airplanes, and land-based vehicles, without fluid spillage or other 
interruption in its operation. Moreover, because there is no need 
for a mixing cuvette or like mixing vessel, and due to the 
relatively small fluid volumes necessary for analyses, the 
apparatus of the present invention is particularly suited for 
small-scale applications or miniature versions for use in space or 
on moving vehicles . 

In FIG. 5, another embodiment of the flow-injection unit 
is indicated generally by the reference numeral 124. Because many 
of the features of the flow-injection unit 124 are the same or 
similar to that of the flow-injection unit 24 described above, like 
reference numerals preceded by the numeral 1 are used to indicate 
like elements. The primary difference of the flow-injection unit 
124 is that it includes a plurality of flow-injection tubes 156, 
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each coupled on one end to a respective inlet port located on an 
elongated side of the mixing block 142, and projecting on the other 
end into the mixing chamber 150. Each injection tube 156 defines 
on its free end a plurality of perforations or apertures 158 spaced 
relative to each other and extending through the wall of the tube 
for introducing a respective reagent -mixture component into the 
mixing chamber 150. 

As shown in FIG. 5, the perforated end of each tube 156 
projects inwardly to the approximate center of the mixing chamber 
and is pointed generally toward the inlet end of the chamber, i.e., 
in an upstream direction. Accordingly, the reagent -mixture 
components introduced through the perforations 158 flow in an 
opposite or different direction than the reagent -mixture component 
introduced through the first inlet port 144, thus causing 
turbulence and facilitating the immediate thorough and uniform 
mixing of each component into the reagent -mixture stream. As also 
shown in FIG. 5, the injection tubes 156 are spaced relative to 
each other in the elongated direction of the mixing chamber (i.e., 
each tube is located either upstream or downstream from the next) , 
and each tube is also spaced relative to the next radially. As 
will be recognized by those skilled in the pertinent art, if 
necessary, a plurality of protuberances or nubs as described above, 
or like means may be added for further agitating the fluid flow in 
the mixing chamber and thereby enhancing the dispersion of reagent - 
mixture components into the reagent -mixture stream. 

Turning to FIG. 6, another embodiment of the flow- 
injection unit is indicated generally by the reference numeral 224. 
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Because many of the features of the flow- inject ion unit 224 are the 
same or similar to that of the flow-injection unit 24 described 
above , like reference numerals preceded by the numeral 2 are used 
to indicate like elements. 

The primary difference of the flow-injection unit 224 in 
comparison to the unit 24 is that the inlet ports located on the 
elongated sides of the mixing block, shown typically at 246 and 
248, are each oriented at an acute angle with respect to the axis 
or elongated direction of the mixing chamber and point toward the 
inlet or upstream end of the chamber. In addition, the two inlet 
ports 244 and 245 feed into a common injection line 260 coupled in 
fluid communication with the upstream end of the mixing chamber 250 
and extending along the axis or elongated direction of the chamber. 

In hematologic applications, a blood sample may be 
introduced into the first inlet port 244 and diluent may be 
introduced into the second inlet port 245 to create a diluted blood 
sample in the common injection line 260 and upstream end of the 
mixing chamber 250. First and/or second lysing reagents may be 
simultaneously introduced through the inlet ports 246 and 248, 
which direct the lysing reagents into the mixing chamber in 
different directions than the flow of the diluted blood sample, as 
indicated by the arrows in FIG. 6, thus creating turbulence and 
facilitating the dispersion and thorough mixing of the components 
into the reagent -mixture stream to create the selected reagent 
mixture. As with the previous embodiment, protrusions or like 
means may be added to the mixing chamber to create further 
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agitation and enhance the dispersion and mixing of the reagent - 
mixture components . 

In FIG. 7, another embodiment of the flow- inject ion unit 
is indicated generally by the reference numeral 324. Because many 
of the features of the flow- inject ion unit 324 are the same or 
similar to those of the flow-injection unit 24 described above, 
like reference numerals preceded by the numeral 3 are used to 
indicate like elements. 

The primary difference of the mixing block 342 in 
comparison to the embodiments described above is that it defines a 
common inlet port 344 on the upstream end of the block for 
introducing all reagent -mixture components into the mixing chamber 
350, and the mixing chamber is defined by a plurality of discrete 
diffusion chambers 3 62 extending in seriatim along the axis or 
elongated direction of the block. As shown in FIG. 7, each 
diffusion chamber 362 is defined by a substantially spherical wall 
364, and relatively constricted apertures 366 are formed between 
adjacent chambers 362 to permit the reagent mixture to flow from 
one diffusion chamber to the next. 

Upon introduction of the reagent mixture components 
through the mixing block, the reagent -mixture stream expands and 
then contracts as it flows through each diffusion chamber 3 62 and 
constricted aperture 366, respectively. The expansion and 
contraction of the flow path in turn causes deceleration and 
acceleration of the fluid particles as they follow the tortuous 
path. Accordingly, the reagent -mixture components circulate and 
disperse within each diffusion chamber, thus causing the components 
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to immediately thoroughly and uniformly mix to create the selected 
( reagent mixture upon passage between the inlet and outlet ports of 
the mixing block. 

In FIG. 8, an alternative embodiment of the flow- 
injection unit is indicated generally by the reference numeral 424. 
The flow-injection unit 424 is essentially the same as the flow- 
injection unit 324 of FIG. 7, and therefore like reference numeral 
preceded by the numeral - 4 instead of the numeral 3 are used to 
indicate like elements. The main difference of the mixing block 
442 in comparison to the mixing block 342 is that the constricted 
aperture 466 is relatively elongated, and the surfaces defining the 
inlet and outlet side of the constricted aperture are curved to 
facilitate fluid flow through the aperture from the first diffusion 
chamber 462 to the second. As will be recognized by those skilled 
in the pertinent art, in the embodiments of both FIGS. 7 and 8, 
diffusion chambers may be added or deleted as required to ensure 
immediate thorough and uniform mixing of the reagent -mixture 
components . 

In FIG. 9, another embodiment of the flow- inject ion unit 
is indicated generally by the reference numeral 524. Because many 
of the features of the flow-injection unit 524 are the same or 
similar to those of the flow- injection unit 24 described above, 
like reference numerals preceded by the numeral 5 are used to 
indicate like elements. 

The primary difference of the mixing block 542 in 
comparison to other embodiments described above is that it defines 
a common inlet port 544 on the upstream end of the mixing block for 
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injecting or aspirating all reagent -mixture components into the 
mixing chamber 550, and the mixing chamber includes a plurality of 
perforated barriers or baffles 568. As shown in FIG. 9, each 
perforated barrier 568 extends inwardly from the cylindrical wall 
of the chamber to at least approximately the center of the chamber, 
and is oriented at an acute angle with respect to the axis or 
elongated direction of the chamber. Each barrier 568 also points 
generally toward the inlet or upstream end of the mixing chamber 
550, and defines a plurality of perforations or apertures 570 
10 spaced relative to each other and extending through the barrier to 
permit the dispersed flow of reagent -mixture components 
therethrough. The perforated barriers 568 are spaced relative to 
each other in the elongated direction of the chamber, i.e., each 
barrier is located upstream or downstream from the next, and 
15 adjacent barriers are preferably spaced radially relative to each 
other. 

Upon introduction of the reagent -mixture components 
through the common inlet port 544, the perforated barriers 568 
cause the reagent-mixture stream to flow around the barriers and 
20 through the perforations 570, thereby agitating the fluid flow and 
creating turbulence. This in turn disperses the reagent-mixture 
components and thoroughly and uniformly mixes the components to 
create the selected reagent mixture upon passage from one end of 
the chamber to the other. 
25 Turning to FIG. 10, another embodiment of the flow- 

injection unit is indicated generally by the reference numeral 624. 
The flow-injection unit 624 is similar in many respects to the 
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flow- inject ion unit 24 described above, and therefore like 
reference numerals preceded by the numeral 6 are used to indicate 
like elements. 

As shown in FIG. 10, the mixing chamber 650 is defined by 
a relatively narrow, cylindrical passageway extending in the axial 
direction of the mixing block 642, and approximately equal in 
diameter to the reagent -mixture injection line 626. The mixing 
chamber 650 defines a closed end at the upstream end of the mixing 
block and an open end at the downstream end formed by the outlet 
port 652. As also shown in FIG. 10, the inlet ports 644-648 are 
each oriented at an acute angle (for example, approximately 45°) 
relative to the axis of the mixing block 642 and mixing chamber or 
line 650, and are each directed generally toward the closed or 
upstream end of the chamber. 

In the operation of the flow- injection unit 624 for 
hematologic analysis, a whole or diluted blood sample may be 
introduced into the first inlet port 644, diluent may be introduced 
into the second inlet port 645, a first lysing agent may be 
introduced into the third inlet port 64 6, and a second lysing agent 
may be introduced into the fourth inlet port 648. As indicated by 
the arrows in FIG. 10, because the sample and diluent are flowing 
in substantially opposite directions, a turbulent flow is created 
at the juncture of the first and second inlet ports formed by the 
closed end of the mixing chamber 650, thus causing the blood and 
diluent to mix into a diluted blood sample. The pumping pressure 
at the first and second inlet ports forces the diluted blood sample 
toward the outlet port 652, and the diluted sample is in turn mixed 
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with the additional reagent -mixture components introduced through 
the downstream inlet ports 646 and 648. Because the downstream 
inlet ports are directed generally upstream, the lysing agents are 
introduced in substantially the opposite direction of flow of the 
diluted blood sample, thus creating turbulence at the juncture of 
the downstream inlet ports 646, 648 and the mixing chamber 650, and 
facilitating an immediate thorough and uniform mixing of the lysing 
agents into the diluted blood sample. The pumping pressure at each 
of the inlet ports in turn injects the blood/diluent /lysing agent 
mixture through the outlet port 652 and into the reagent -mixture 
injection line 626 for analysis by the sensing unit. 

As will be recognized by those skilled in the pertinent 
art, it may be desirable to space the inlet ports radially relative 
to each other, and/or axially relative to each other to facilitate 
or further enhance the immediate diffusion and thorough mixing of 
the reagent -mixture components. 

Turning to FIGS. 11 and 12, another embodiment of the 
flow- inject ion unit is indicated generally by the reference numeral 
724. The flow-injection unit 724 is similar in many respects to 
the flow-injection unit 624 described above, and therefore like 
reference numerals preceded by the numeral 7 instead of the numeral 
6 are used to indicate like elements. 

As shown in FIG. 11, the mixing chamber 750 is defined by 
a narrow, cylindrical passageway in the same manner as the mixing 
chamber 650 described above. However, the upstream end of the 
mixing chamber 750 is defined by the first inlet port 744, and the 
downstream end of the mixing chamber is defined by a substantially 
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spherical -shaped diffusion chamber 772. As can be seen, the 
diffusion chamber 772 defines a greater diameter than does the 
cylindrical portion of the mixing chamber 750, thus expanding the 
fluid-flow path to facilitate fluid diffusion and mixing. At least 
one mixing ball 774 is received within the diffusion chamber 772 to 
create further turbulence, and enhance the diffusion and thorough 
mixing of the reagent -mixture components. As will be recognized by 
those skilled in the pertinent art, additional mixing balls may be 
added as necessary in order to enhance the dispersion and mixing of 
the components. 

As shown in FIGS. 11 and 12, the flow-injection unit 724 
includes means 776 for retaining the mixing ball 774 within the 
diffusion chamber 772, and for preventing the mixing ball from 
blocking or otherwise preventing fluid flow through the constricted 
apertures defined by the upstream and downstream ends of the 
diffusion chamber. As shown more particularly in FIG. 12, the 
means 776 may include several prongs 778 radially spaced relative 
to each other and projecting inwardly toward the center of the 
constricted aperture to retain the mixing ball while^permitting 
fluid flow through the diffusion chamber. If desired, screens or 
other known means may be alternatively employed to perform these 
functions . 

As also shown in FIG. 11, the second and third inlet 
ports 745 and 746 are each oriented at an acute angle (for example, 
45°) relative to the axis of the mixing chamber, and each point 
generally in the downstream direction. The fourth inlet port 747 
and fifth inlet port 748, on the other hand, are each oriented 
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approximately normal to the mixing-chamber axis. In hematologic 
analysis, the first inlet port 744 may be used to introduce a whole 
or partially-diluted blood sample, and the second and third inlet 
ports 745 and 746, respectively, may be used to introduce diluent 
5 to further dilute the sample. The fourth and fifth inlet ports 747 
and 748, respectively, may in turn be used to introduce respective 
lysing agents or other reagent -mixture components into the diluted 
sample stream. Because of the normal configuration of the fourth 
and fifth inlet ports with respect to the mixing chamber, a greater 

10 amount of turbulence is created at the juncture of these ports and 
the mixing chamber to facilitate immediate and uniform mixing of 
the reagent -mixture components and provide an even gradient of 
lytic shock. The reagent -mixture components are then further 
dispersed and mixed in the diffusion chamber 772 prior to 

15 introduction into the reagent -mixture injection line 726. 

As will be recognized by those skilled in the pertinent 
art, numerous modifications may be made to these and other 
embodiments of the present invention without departing from the 
scope of the invention as defined in the appended claims. 

20 Accordingly, the detailed description of embodiments set forth 

above is to be taken in an illustrative as opposed to a limiting 
sense . 
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